
Species Covariate Coefficient StdErr P

Ponderosa

Intercept -6.176 1.389 ***
% Bole Char 0.033 0.013 *

CKR 0.736 0.147 ***
2o Beetles (not ips) -2.955 0.683 ***

Tree Height -0.044 0.014 **
% Consumed 0.083 0.018 ***

% Scorch 0.056 0.014 ***
MPB 6.681 1.239 ***

% Scorch * MPB -0.051 0.015 ***

Lodgepole

Intercept -3.798 0.982 ***
% Scorch 0.042 0.006 ***

% Bole Char 0.083 0.034 *
Tree Height -0.044 0.015 **

CKR 1.185 0.158 ***
DBH 0.046 0.104 0.66

2o Beetles (not ips) 2.340 0.465 ***
Ips Beetles 2.851 0.491 ***

MPB -1.878 1.297 0.15
CKR * MPB -0.843 0.183 ***
DBH * MPB 0.596 0.121 ***

2o Beetles * MPB -2.085 0.666 **
Ips * MPB -2.288 0.588 ***

Species Covariate Coefficient StdErr P

Ponderosa

Intercept -6.904 0.682 ***
% Scorch 0.037 0.004 ***

Tree Height 0.717 0.009 ***
% Bole  
Char 0.028 0.005 ***

Lodgepole

Intercept -6.542 0.425 ***
DBH 0.532 0.035 ***

% Char -0.046 0.007 ***
CKR 1.146 0.234 ***
CKR2 -0.217 0.058 ***

Results and Discussion
The probability of MPB colonization in PP increased with 
increasing tree size and degree of fire injury.  Larger LPP 
were also more susceptible to colonization, but 
probability of attack was highest in trees with low bole 
char and moderate cambial damage (Table 1).  MPB 
colonization was initially focused in trees with fire-injury 
(Figs. 1 & 2).  However, uninjured and less severely 
injured LPP were subsequently colonized.  This suggests 
that MPB increasingly favors LPP with little or no fire 
injury.  Persistence of MPB activity in LPP rather than PP 
may be explained by a large number of LPP hosts with 
little or no fire injury, but remaining PP are of 
substantially higher fire injury (Tables 3 & 4). 

Mortality models demonstrate that bole char, cambium 
kill, and crown damage are important fire injury 
covariates.  Taller trees were less likely to die, potentially 
because they received less crown damage (Table 2).  
Fire-injury variables interacted negatively with MPB in 
both tree species.  While colonization rose with 
increased injury in PP, and to a point in LPP, mortality 
models suggest that MPB colonization in increasingly 
injured trees does lead to increased tree mortality.  This 
suggests that injured trees may be more susceptible to 
MPB, but less suitable for reproduction.  
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Introduction
Mountain pine beetle (MPB) and wildfire are major 
disturbance agents in western pine forests.  Prior 
research suggests several possible outcomes of 
their interaction, so the role of MPB in post-fire 
environments remains unclear.1,2  We monitored 
ponderosa (PP) and lodgepole pines (LPP) for three 
years following the 2007 Neola North fire in Utah’s 
Uinta mountains to evaluate MPB colonization and 
PP and LPP mortality.  We are developing predictive 
models to guide application of sanitation or salvage 
removals.

Objectives
1. Determine the relationship between degree of

fire injury and MPB colonization
2. Determine the relationship between degree of 

fire injury, MPB colonization and tree mortality
3. Compare the above relationships between LPP 

and PP
4. Develop predictive colonization and mortality 

models

Methods
In 2008, four sites for each tree species were  
established with 16 0.1-acre plots / site.  Fire injury 
was assessed in all trees using a comprehensive 
rating system3, measuring % crown volume 
scorched and consumed,  % and severity of bole 
char, and cambium kill rating. Beetle colonization 
and tree conditions were evaluated annually from 
2008-2010.  Trees were considered colonized if 
they were strip or mass attacked (>10% bole 
circumference).  Generalized linear mixed models 
were used to analyze mortality and colonization 
using lme4 in R, using forward step-wise selection 
of fire-injury, tree,  and beetle covariates to 
maximize the Bayesian information criterion.

Table 1. Parameters for MPB colonization models

Table 2. Parameters for tree mortality models
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* P < 0.05     ** P < 0.01     *** P < 0.001 
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Figure 1. Ponderosa pine colonization by MPB   
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Figure 2. Lodgepole pine colonization by MPB

Year

Remaing 
Fire-

injured 
Trees

Remaining 
Uninjured 

Trees
DBH %

Scorch
%

Consumed

Bole 
Char 

Rating

% 
Bole 
Char

CKR

2007 870 303 9.8 32.9 5.6 1.2 12.2 2.2

2008 519 303 10.2 14.1 0.5 0.8 3.0 1.4

2009 312 299 10.2 5.9 0.3 0.4 1.1 0.8

2010 207 242 9.5 4.9 0.2 0.3 0.7 0.6

Year

Remaing 
Fire-

injured 
Trees

Remaining 
Uninjured 

Trees
DBH %

Scorch
%

Consumed
Char 

Rating

% 
Bole 
Char

CKR

2007 572 27 14.4 41.7 23.6 2.1 43.8 1.8

2008 383 27 15.4 44.7 4.7 2.0 25.8 1.3

2009 318 27 15.7 39.8 3.2 1.9 22.5 1.1

2010 264 27 15.4 36.5 2.4 1.9 20.3 1.1

Table 4. Remaining live lodgepole pine and their mean fire-injury

Table 3. Remaining live ponderosa pine and their mean fire-injury
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